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Data Mining and Data Warehouses -- An Overview
Paul Gray
Claremont Graduate University
Claremont, CA 91711
Abstract
This paper presents an overview of how data ware-houses serve as a data source for data mining. Following
a brief description of data warehousing and data mining, the paper presents some examples. The steps in
data mining, its limitations, and the research challenge are described briefly.

Introduction
Data mining and data warehouses are two streams of work that are now intersecting. Data warehousing has
risen to importance in recent years as three technologies:
1. on-line analytical processing (OLAP)
2. multidimensional data bases, and
3. data mining
came to the forefront as the latest developments in data management, executive information systems, and
decision support systems. Data mining is also referred to as knowledge discovery in databases (KDD).
In this paper, we consider data mining as the branch of KDD which is concerned with business
applications. However, the reader should keep it clear in their thinking that KDD refers to all uses,
including scientific and non-business. The paper begins with a discussion of data warehousing, followed by
a discussion of data mining, and concludes with a description of how these two approaches interact with
one another.

The Data Warehouse
Data warehousing has been defined by Inmon (199) as:
"A data warehouse is a:
•
•

-subject oriented, -integrated
-time-variant -nonvolatile collection of data in support of management decision processes"

The definition defines data warehousing in terms of measurable attributes. This definition makes two
implicit assumptions:
1. A data warehouse is physically separated from operational systems
2. Data warehouses hold both aggregated data and transaction (atomic ) data for management separate from
the databases used for On Line Transaction Processing (OLTP).
Table 1 summarizes the characteristics of a data warehouse.
Table 1
Characteristics of Data Warehouses

Characteristic

Description of Characteristic

subject oriented

data are organized by how users refer
to it

integrated

inconsistencies are removed in both
nomenclature and conflicting
information. That is, the data are
'clean'

non-volatile

Read only data. Data do not change
over time.

time series

Data are time series not current status

summarized

Operational data mapped into
decision usable form

larger

Keeping time series implies much
more data is retained.

not normalized

DSS data can be redundant

metadata

Metadata =data about the data.

input

Unintegrated, operational
environment ('legacy systems')

From the point of view of data mining, a data ware-house contains data organized around major subjects of
the enterprise rather than individual transactions. The data itself is clean, validated, and properly
aggregated. The data covers long periods of time.
Data warehouses are not cheap. Multimillion dollar costs are common. Their design and implementation is
still an art and they require considerable time to create. Being designed for the enterprise so that everyone
has access to a common data set, they are large and increase in size with time. Typical storage sizes run
from 50 gigabytes to over a terabyte. Data warehouses are a major industry. Estimates vary but it is clear
that many more than half of the Fortune 500 have data warehouse projects underway or planned. Estimates
of annual expenditures on data warehousing are as high as $9 billion dollars.

Data Mining
Data mining refers to finding answers about an organization from the information in the data warehouse
that the executive or the analyst had not thought to ask. Data mining is made possible by the very presence
of the large databases in the data warehouse. It provides the techniques that allow managers to obtain
managerial information from their legacy systems. Its objective is to identify valid, novel, potentially
useful, and understandable patterns in data.
Those seeking to make a distinction between the terms data mining and KDD usually use KDD to the
process of discovering useful knowledge from data, while using data mining to refer to the application of
algorithms for extracting patterns from data. The difference lies in KDD's use of appropriate prior KDD's
use of appropriate prior knowledge and proper interpretation of results rather than blind application of the
data mining techniques. Thus, KDD is closer to an R&D process and data mining to an operational process
KDD seeks to find patterns in data and to infer rules (that is, to discover new information) that queries and
reports do not reveal effectively. Techniques include:
statistical analysis

neural networks

expert systems

intelligent agents

multidimensional analysis

data visualization

decision trees

fuzzy logic

The software associated with these approaches is called 'siftware'.

Applications of Data Mining
Every new field has its initial successes which intrigue others to investigate it further. The following are
some examples of early successes with KDD:
•
•
•
•
•
•
•

people who buy scuba gear take Australian vacations
men who buy diapers buy beer
fraud detection, consumer loan analysis
optimizing production lines
database marketing to find future customers
play selection in the National Basketball Association
stock selection

The major use of data mining in business is to increase profitability. Firms who use data mining recognize
they have made a large investment in obtaining data and try to get value out of this investment. The
principal applications areas have been in marketing and sales.
The size of the data problem can be seen from the explosion of retail sales data from groceries because of
the availability of bar code information. Little (1993) estimates that the amount of data available has
increased by a factor of 100 to 1000. These changes are fundamental and change the nature of analysis
required. Data mining techniques, particularly those based on artificial intelligence, have been used
extensively for analyzing this mass of information. The output is a (rather stilted) natural language report
generated without human intervention that tells managers, based on the data, what is new. In particular, the
system reports on the effects of "cents off" coupons both by the firm and its competitors.
A second marketing application is targeting direct advertising by determining who is more likely to become
a customer (Barth 1997) . The procedure involves searching a data warehouse for a previous campaign
where similar products were marketed. These data, called the training set, identifies the customers and
products who were targeted and whether they bought or not. The similarity of the new product (e.g., winter
coats) to the previous product (e.g., heavy sweaters rather than swimsuits) is critical. The result is a profile
which is matched to determine whom to target for the new campaign.
In general, using linear regression models with training sets does not provide the accuracy that nonparametric modeling does. Greater success has been achieved through the application of neural networks,
decision trees, and case-based reasoning. There is still art in the process. For example, in using neural
networks, the analyst specifies the parameters of interest and the structure of the network. In the case of
decision trees, methods such as CART, CHAID, and C4.5 build models based on training sets. The training
set determines which questions are asked.
The result is a significant increase in return on investment by building complete models that capture the
complex indicators of customer behavior. Benefits come from acquiring more customers, cross-selling,
upgrades, retention, and recapture of customers. Pricing can be optimized. To obtain these gains,
•
•

the data warehouse must contain a full range of customer information over a long period of time
(e.g., 5 years).
Sufficient computing power (typically parallel processing able to deliver megaflops) is required
for the data warehouse and for running the marketing program

•

The predictive power of the warehouse and data mining system must be coupled with production
systems that reach the customer

Approaches to Data Mining
Data mining can be
-bottom up (explore raw facts to find connections)
-top down (search to test hypo-theses)
The process is iterative, with analyst asking questions after each new output
Data mining deals with five kinds of data:
Associations

things done together (buy groceries)

Sequences

events over time (house, refrigerator)

Classifications

pattern recognition (rules)

Clusters

define new groups

Forecasting

predictions from time series

The following are the basic steps in the KDD process:

1. Develop an understanding of the application, relevant prior knowledge, and the end user's goals.
2. Create a target data set to be used for discovery.
3. Clean and preprocess data (including handling missing data fields, noise in the data, accounting
4.
5.
6.
7.
8.
9.

for time series and known changes).
Reduce the number of variables and find invariant representations of data if possible.
Choose the data mining task (classification, regression, clustering, etc. )
Choose the data mining algorithm
Search for patterns of interest (this is the actual data mining)
Interpret the pattern mined. If necessary, iterate through any of steps 1-7.
Consolidate knowledge discovered and prepare report.

Commercial Packages for Data Mining
Data mining is a new field. The vendors developing commercial products tend to be small. Their products
are being bought by larger vendors who incorporate them into their systems. In general, only a few of the
many data mining techniques are being incorporated into these large packages.

Limits to Data Mining
Among the limits to data mining are:
•
•
•

Dealing with very large (e.g., terabyte) databases
Dealing with high dimensionality which increases the size of the search space and may also create
spurious patterns.
Overfitting available data

•
•
•

Rapid changes in data (non-stationarity) that make previously discovered patterns invalid
Missing and noisy data.
Lack of integration with other systems

Development of a data mining model is potentially a lengthy process because of:
•
•
•

the large amount of data to be processed when mining or sampling large data bases
the large number of models that have to be built to be able to explore these databases
the difficulties in validating and testing models.

A particularly important problem is scalability. Scalability refers to the ability to maintain performance as
the size of the data base being mined increases. To achieve scalability, parallel processing is used. Ideally,
scalability should be linear (or better); that is doubling the number of processors should double the speed or
handle a data base twice as large. Scalable mining tools take advantage of hardware parallelism, including
better parallel algorithms as well as direct access to parallel DBMS's

Conclusions
All of these problems are areas of current research, but they are not yet fully solved. Nonetheless, despite
these difficulties, data mining offers an important approach to achieving value from the data warehouse for
use in decision support.
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